The competition for limited amount of world fresh water is increasing at a fast rate. The agricultural sector is the major water user and also the most inefficient. As a result, the economic return from a unit of water is the lowest for agricultural sector. Therefore, in the wake of dwindling water availability, it is becoming imperative to look for ways of maximizing yield and quality of produce per unit of water. This is especially important in countries like Ethiopia, where there is severe water shortage in the arid and semi-arid areas. In this study, a field experiment was conducted at Melkassa Agricultural Research Center, Ethiopia to study the effects of moisture stress on the yield and quality of two tomato cultivars; Melka Shola and Melkassa Marglobe used as salad. The two tomato cultivars were exposed to four irrigation water deficit levels expressed as percentages of potential evapotranspiration (ETc) as: 0%ETc, 25%ETc, 50%ETc, and 75%ETc deficit. The total plant biomass decreased with stress level while the fruit dry matter increased. As a result, the harvest index (fruit dry matter weight/plant dry matter weight) was increased with stress level. At a given stress level, the harvest index of Melka Shola was higher than that of Melkassa Marglobe. Both the number and size of tomato fruits were found to decrease with moisture stress. The incidence of sun-scald and blossom end rot was higher in the more stressed plants (75%ETc) deficit. The total soluble solid (TSS) content was significantly affected by irrigation treatments. The total soluble content was increased with stress level while the fruit water content was decreased. The fruit total soluble content (TSS) of the stressed plants was also significantly different between the tomato cultivars. Melkassa Marglobe cultivar had higher total soluble solute content than Melka Shola cultivar. The higher total soluble solute content of Melkassa Marglobe might be the reason why this cultivar is preferred by consumers for use as a salad. It has been observed also that small animals and birds fed more on this cultivar than on the Melka Shola cultivar.
INTRODUCTION
Tomato is one of the most widely grown vegetables in the world. Tomato plants are sensitive to water stress and show high correlation between evapotranspiration and crop yield [1] . In many parts of the world, tomato is produced under irrigation [2, 3] . However, due to the global expansion of irrigated areas and the limited availability of irrigation water, there is need to optimize water use in order to maximize crop yields under water deficit conditions [4] .
Designs of irrigation schemes usually do not address situations in which moisture availability is the major constraint on crop yields. However, under limited water availability, optimal irrigation management and scheduling are necessary in order to increase the efficient use of water for agriculture. Agronomic measures such as varying tillage practices, mulching and use of anti-transpirants can reduce demand for water. Another option is deficit irrigation: exposing the plant to a certain level of water stress during a particular growing period, or throughout the whole growing season, without significant reduction in yield [5, 6] . Although the effects on yield may be different, many of the research results have shown that regulated deficit irrigation saves substantial amounts of irrigation water and increases water use efficiency [7, 8] . Still other options are use of drip irrigation and partial root drying [9, 10, 11, 12, 13] .
With drip irrigation, precise water application is possible, improving efficiency. Drip irrigation is used for vegetable production in areas where water is scarce or expensive [14] . Although high yields of tomato (Lycopersicon esculentum Mill.) have been recorded after switching to drip irrigation, the gains in yield can be offset by lower fruit quality than is obtained with furrow and sprinkler irrigation, especially if the crop is infrequently stressed between irrigations, or if the crop is irrigated too close to harvest [15, 16, 17, 18, 19] . Although growth can be affected due to water stress, fruit quality parameters such as total soluble solids usually improve [20] . In addition, overstressing the crop to obtain high brix levels can significantly reduce fruit yields and the benefits of using drip irrigation. Growers are challenged with optimizing brix levels of fruit to meet processors' needs and with maximizing yields to maintain the profitability of their operations.
The landholding of Ethiopian farmers is so much fragmented with most farmers owning a piece of land less than a hectare. The rainfall pattern is so erratic and intensive throughout when it rains. Currently, it is being tried to harvest rain water using different water harvesting structures and using it in combination with gravity drip system. This is useful especially for vegetable production which can augment farmers' income and nutritional intake. This study was undertaken to determine the effects of irrigation quantities on fruit yield and quality of field grown, drip-irrigated tomatoes. . Rainfall was harvested and stored in an underground cistern. The water was pumped using a treadle pump into an elevated tank, 1000 liters capacity, at a height of 1.5 m. Water was applied to the crops using a gravity drip system.
MATERIALS AND METHODS
The experimental design of the trial was spilt plot with four level of irrigation deficit level (0%, 25%, 50% and 75%) assigned as main plot and two tomato varieties (Melka Shola and Melkassa Marglob) to subplot. The two cultivars, Melka Sholasemi-determinate and Melkassa Marglobe-indeterminate, were transplanted with spacing of 0.3 m between plants and 0.8 m between rows to plots of 3 m × 5 m. Each treatment plot consisted of four rows of tomato with a total of 68 plants per plot. Irrigation was applied at three day intervals. Fertilizer DAP was side dressed at a rate of 200 kg/ha at transplanting and 100 kg/ha urea was applied in splits at transplanting and 45 days after transplanting. To protect the crop from disease infestation, Ridomil Gold RZ was applied at a rate of 3.5 kg/ha. For insect protection, Cypermethin or Karate was used at a rate of 100 g/ha.
Crop evapotranspiration was determined using FAO Penman-Monteith method [21] (Eq. 1) with the weather data recorded at the weather station of the Research Center and the tomato crop coefficient (Kc) obtained from literature [22] . The crop evapotranspiration (ETc) was determined as:
The amount of irrigation water applied to the four treatments was: 100%ETc (or 0%ETc deficit), 75%ETc (or 25%ETc deficit), 50%ETc (or 50%ETc deficit), and 25%ETc (or 75%ETc deficit).
For the purpose of crop data collection, two plants were tagged per row, eight plants per plot for both cultivars. Plant heights were measured once every week starting from the beginning of the deficit irrigation treatment (October 27, 2005) . Fruits were weighed to estimate total yield and five kilogram subsamples sorted into marketable and cull. Marketable fruits were sorted as extra-large, large, medium, and small based on their weight, as presented in Table 1 .
Mature plants were selected at random from the two external rows of each plot on January 21, 2005. The above-ground plant biomass was sorted into shoot and fruit for fresh and dry weight determination. Since only the two middle rows of each plot were used for yield estimation and extrapolated to total area of each treatment, the fruit of plants taken at two external rows did not have effect on yield. For the water content and total soluble solid content analysis, one kilogram sample of red fruit were collected at random from the two external rows of each plot before final harvest. Each sample was washed, dried, blended, and poured through a laboratory pulper with a 0.33 mesh screen to remove seed and skin. Water content was determined using an automatic volatility computer (model 340, CEM, London, UK). Sub samples were filtered and serum used for soluble solid content determination with a digital refractrometer (model 340, REM, London, UK).
Analysis of variance for the design was carried out for the parameters studied following the standard procedures applicable to split plot design [23] . When the treatment effects were found significant, mean differences were tested using Duncan's Multiple Range Test (DMRT) at 5% or 1% level of probability. Analysis of variance was computed using the MSTATC software package.
RESULTS
Prior to the initiation of irrigation treatments, 67 mm of water was applied equally to each treatment. The total amount of irrigation water applied to each treatment was calculated as the sum of water applied during the crop establishment period and the ETc of the remaining period. The amount of irrigation water applied during the latter period was 528 mm for the 0%ETc deficit level treatment, 400 mm for the 25%ETc deficit level treatment, 264 mm for the 50%ETc deficit level treatment, and 132 mm for the 75%ETc deficit level treatment. The total amount of irrigation is, therefore, 595 mm, 467 mm, 331 mm, and 199 mm for the 0%ETc deficit, 25%ETc deficit, 50%ETc deficit, and 75%ETc deficit treatments, respectively.
Total plant fresh biomass (shoot and fruit weight) at maturity of both tomato cultivars was significantly affected by irrigation water applied. Both shoot and fruit weight loss was decreased with increase in stress level. Irrigation treatments which received 25%, 50%, and 75% of the full irrigation requirement resulted in 13.2%, 45.0%, and 59.0% total fresh biomass reduction respectively (Table 2 ). However, there was nonsignificant difference between the cultivars. The interaction effect of = of irrigation deficit and tomato cultivars was non-significant. While shoot dry weight consistently decreased with increase in stress level, the fruit dry matter weight increased. The fruit dry matter increased by 29.1%, 37.9%, and 39.3% for Melka Shola cultivar and 17.2%, 19.3%, and 23.9% for Melkassa Marglobe, respectively at 25%, 50%, 75% deficit levels relative to the non-stressed treatment (that is, 0% deficit level). There was a significant difference between the cultivars regarding shoot and fruit dry weights (Table 4 ). However, there was a non-significant difference for the interaction effect of cultivar and irrigation.
The harvest indices HI (which is fruit dry matter weight per plant dry weight) were significantly affected by irrigation deficit levels. As shown in Table 3 , the harvest index was higher for more stressed tomatoes of both cultivars, an indication of high dry matter accumulation as the crop was stressed. Such trend has also been observed for groundnut in other studies [24] . However, there was non-significant difference between the cultivars.
The number of fruits per plant was affected both by water deficit level and cultivars (Table 3) . Fruit size as well as number of fruits per plant was reduced with reduction in the amount of irrigation water applied for both cultivars. The difference between the cultivars was significant with Melka Shola cultivar consistently having more number of fruits per plant and lower fruit size compared with that of Melkassa Marglobe. The number of smallest fruit size of both tomato cultivars was lower at higher water stress levels (Table 3) . Melka Shola cultivar produced significantly lower smallest fruit size than that of Melkassa Marglobe. The interaction effect of cultivar and irrigation was also significant.
Irrigation positively influenced tomato productivity. The result was due both to the increase in number of berries per plant and the fruit average weight as irrigation increased. The total yield and marketable yields were significantly decreasing as the deficit level was increased. However, the difference between the cultivars and the interaction effect was non-significant ( Table 5 ). The yield amounted to 45.1 t/ha on average for 0% deficit irrigation treatments and 18.4 t/ha for 75% deficit irrigation treatment for Melka Shola cultivar. These values were 45.2 t/ha and 13.1 t/ha for Melkassa Marglobe cultivar. At the same time, the marketable yield decreased with stress level in both cultivars. The marketable yield was 41.5 t/ha and 15.1 t/ha at 0% and 75% deficit levels, respectively for Melka Shola cultivar. These values were, respectively 41.3 t/ha and 11.2 t/ha for Melkassa Marglobe cultivar. The total and marketable yield of tomato was lowest in the most stressed treatment of 75% deficit level.
For both tomato cultivars, the fresh fruit yields were reduced in 25%, 50%, and 75% deficit level treatments by 6.8%, 48.5%, and 71.0%, respectively. The irrigation treatment (stress level) significantly affected the yield of tomato cultivars whereas the cultivar difference was non-significant (Table 5 ). Table 6 shows that deficit irrigation treatments had pronounced effect on the soluble solute (TSS) content of the fruits. Fruit soluble solid content increased with increase in water stress. The TSS content of the most stressed treatment (75% deficit level) increased by 2.3% for Melka Shola and 4.2% for Melkassa Marglobe relative to the respective fully irrigated treatments (0% deficit level).
DISCUSSION
The reduction of total yield, number of fruit per plant, fruits size, and plant biomass production with an increased amount of water stress level of this test was consistent with previous work conducted on tomato and other crops such as cotton [25, 26] . Water stress consistently reduced production of the most valuable extra-large sized fruit. A study conducted to evaluate the effect of irrigation cutback on yield showed that total marketable yields doubled and while yields of high value extra large fruit tripled with irrigation [13] . They found that both extra large and total fruit weight were linearly reduced as irrigation amounts reduced from 0% cutback reference amount to 45% cutback amount, while yields of large and medium fruit were nonsignificantly affected. Some studies reported that dry matter, total soluble solids, and blossom end rot were highest for deficit irrigation treatments [27] . Fruit diameter, fruit biomass, yield per plant differed between irrigation treatments [10] .
Increased total soluble solute content in tomato fruits with increase in water stress has also been reported in similar studies elsewhere [28, 29] . The fruit TSS content of the stressed treatments was also significantly different between the tomato cultivars with Melkassa Marglobe cultivar having higher total soluble solute content than Melka Shola cultivar. The higher total soluble solute content of Melkassa Marglobe might be the reason why this cultivar is preferred by consumers for use in salads. It has been observed also that small animals and birds prefer to feed on this cultivar than on Melka Shola cultivar.
For processing tomatoes, higher solids content in fruits is a great characteristic as this would reduce the cost of processing [9] . As shown also in Table 6 , the dry matter content of the ripe fruit is generally inversely related to the fruit size [30] . The dry matter content was positively related to the total sugar content of the fruit [31] . The tomato fruit is the largest sink for assimilates compared with the rest of the plant's organs [32] . The reduction of fruit size under deficit irrigation was mainly attributed to reduction of water rather than to reduction of assimilates imported into the fruit [32] . This observation might explains why the total soluble solids content of stressed treatments is higher as shown in this study. Farmers aim for high tomato yields while the processing industry wants high fruit quality in terms of high TSS and fruit dry weight concentration and low fruit water content. The higher TSS in stressed treatments is important for the processing industry. This is justified where water is scarce, or expensive for tomato production.
CONCLUSION
The results obtained in this study showed that almost all the plant attributes were directly related to water stress level. Irrigation level positively influenced marketable yield of tomato, with tomato yield decreasing as the water deficit level increased. The decrease in yield was reflected in the reduction of the number of fruits per plant and mean fruit weights. Melkassa Marglobe was found to be the cultivar with lower marketable production although the yield difference of the cultivars was statistically non-significant.
A moderate water deficit could significantly improve fruit quality (in terms of TSS content and perhaps acidity) of deficit irrigated tomato of Melka Shola and Melkassa Marglobe by 10% and 15%, respectively without depressing marketable yields in relation to fully irrigated treatments. Increase in TSS content in fruit grown under soil water deficit condition was related primarily to decrease in fruit water content. Frequent light irrigation improves the size, shape, juiciness and color of the fruit, but total solids (dry matter content) and acid content will be reduced. The decrease in solids will lower the fruit quality for processing. Prolonged water deficit also led to fruit cracking. In selecting the irrigation practices consideration must, therefore, be given to the type of end product required.
The results from of this study can help in the development of water management system for tomato production in the scenario of reduced water availability and enable the tomato growers to produce tomato with optimum yield by allowing little water stress without substantial yield reduction. 
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